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Description 

The present invention relates to a method and 
apparatus for perforating a well, more particularly 
to a method and apparatus for perforating a well in 
response to pressure in a first tubing string and 
producing the formations through a second tubing 
string or through the casing. The present invention 
is particularly advantageous when multiple forma- 
tions are desired to be perforated and produced 
together. 

In oil and gas wells, it is often desirable to 
obtain production from multiple zones in a single 
well. In such wells, it may be desirable to perforate 
and produce from more than one formation within a 
single zone. Particular problems may be encoun- 
tered when these formations are widely spaced. 
For example, it is known to perforate and produce 
formations located a thousand feet or more apart 
as a single zone. Difficulties presented in such 
situations include, for example, difficulties in obtain- 
ing reliable actuation of the detonating mechanism 
for the perforating guns, and particularly doing so 
while maintaining a desired underbalance on the 
formations at the time of perforating. 

Additionally, in many operations it is preferable 
to detonate the perforating guns through use of 
hydraulic pressure rather than by passing a me- 
chanical detonating mechanism, such as a detonat- 
ing bar, or "go devil," through the tool string. It is 
also preferable to have spare firing mechanisms to 
optimize reliability of detonation of the perforating 
guns. Prior art techniques utilizing spare 
(redundant) firing mechanisms have required the 
pressurization of the annulus in the well adjacent 
the zone to be perforated. Such pressurization of 
the annulus can eliminate the ability to establish a 
desired pressure balance, typically an underbal- 
ance, between the perforated formation and the 
wellbore, to obtain optimal perforation of the forma- 
tion. 

We have now devised a new method and ap- 
paratus for reliably perforating one or more forma- 
tions in response to fluid pressure in a first tubing 
string while allowing the pressure differential be- 
tween the formation and the wellbore to be estab- 
lished by a fluid column in a second tubing string 
or in the casing, through which the perforated for- 
mation may be flowed or produced. The present 
invention also facilitates the use of spare firing 
mechanisms to maintain reliability of the perforat- 
ing system. Additional formations, even when wide- 
ly spaced, may be perforated without diminishing 
reliability of the system. Additionally, the first tub- 
ing string may be utilized to produce a second 
zone in the well. 

According to the invention, there is provided an 
apparatus for perforating a well, comprising: a 



packer; a first tool string extending through said 
packer and including at least one perforating as- 
sembly, said perforating assembly comprising, a 
tubing string, a first firing head assembly actuata- 

5 ble by fluid pressure in said tubing string, a second 
firing head assembly actuatable by fluid pressure 
in said tubing string, a perforating gun operatively 
coupled proximate one end to said first firing head 
and operatively coupled proximate a second end to 

10 said second firing head; and a second tool string 
providing a passageway for the flow of fluid from a 
location beneath said packer to the surface. 

The invention further includes a method of per- 
forating a well and a formation surrounding said 

15 well, comprising the steps of providing in said well 
a first tool string comprising a tubing string, a first 
firing head responsive to fluid pressure in said 
tubing string, a second firing head responsive to 
fluid pressure in said tubing string, and a perforat- 

20 ing gun operatively coupled proximate one end to 
said first firing head and operatively coupled proxi- 
mate second end to said second firing head; pro- 
viding a second tool string in said well; establishing 
a pressure in said well adjacent said zone to be 

25 perforated through use of said second tool string; 
and causing said first and second firing heads to 
be actuated by establishing a fluid pressure in said 
first tool string. 

In one aspect, the present invention provides 

30 an apparatus for perforating a well which includes 
two tool strings. The first tool string includes at 
least one perforating assembly. The perforating as- 
sembly preferably includes a tubing string, which 
defines a first fluid passageway. In a particularly 

35 preferred embodiment, the perforating assembly 
will include suitable apparatus for providing a sec- 
ond, coextensive, assembly, relative to said tubing 
string. This coextensive assembly will include an 
upper firing head coupled to the upper end of a 

40 perforating gun, and a lower firing head coupled to 
the lower end of the perforating gun. Each firing 
head will be of a type actuable by fluid pressure 
within the tubing. In a particularly preferred em- 
bodiment, each firing head will be of a type where 

45 a locking or retaining mechanism is released in 
response to pressure in the tubing string and 
where actual detonation of the firing head is ac- 
complished in response to annulus pressure in the 
well. Additionally, a flow path for the perforated 

50 formation will preferably be established by a sec- 
ond tool string, which may be merely a tubing 
string, which extends to a location proximate the 
formations to be perforated. Preferably, both the 
first tool string and the second tool string will 

55 extend into a zone which is isolated at its upper 
end by a packer. 

The present invention also includes the use of 
two or more perforating assemblies as described 
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above in the first tool string. Additionally, the first 
tool string may include one or more additional 
packers to isolate a second zone in the well. In a 
preferred embodiment this arrangement would fa- 
cilitate the actuation of perforating guns through 
pressure in the first tool string and also the flowing 
or production of the second zone along the pas- 
sageway of the first tool string. 

In order that the invention may be more fully 
understood, embodiments thereof will now be de- 
scribed by way of example only, with reference to 
the accompanying drawings, in which: 

FIGURES 1A-B depict an embodiment of per- 
forating equipment assembly in accordance with 
the present invention, disposed within a well, 
illustrated partially in vertical section. 
FIGURES 2A-B depict elements of the perforat- 
ing assemblies as shown in FIGURE 1 in greater 
detail, and partially in vertical section. 
FIGURES 3A-B depict a firing head assembly of 
FIGURE 2B in greater detail and partially in 
vertical section. 

FIGURE 4 depicts the actuation mechanism of 
FIGURES 2B and 3B in greater detail and par- 
tially in vertical section. 

FIGURE 5 schematically depicts components of 
the detonation mechanism of FIGURE 5 in an 
exploded view. 

FIGURE 6 depicts a portion of the detonation 
mechanism of FIGURE 5A along lines 6-6, in 
horizontal section. 

FIGURE 7A-B depict an alternative firing head 
assembly in accordance with the present inven- 
tion, illustrated partially in vertical section. 
Referring now to Figures 1A-B, therein is sche- 
matically depicted one example of a perforating 
equipment assembly 10 established in accordance 
with the present invention and situated inside a well 
12 in which casing 13 has been set. Well 12 
includes an upper zone 14 and a lower zone 16. 
Upper zone 14 is adjacent two spaced formations 
to be perforated, 18 and 20. Lower zone 16 is 
adjacent a single formation to be perforated 22. 

Perforating equipment assembly 10 includes a 
long string assembly 24 and a short string assem- 
bly 26, coupled together by a dual packer 28. Dual 
packer 28 may be of any conventional type, and, 
as will be apparent from the discussion to follow, 
may be either mechanically or hydraulically set. 
Short string 26 may be simply a string of tubing 
coupled to dual packer 28 to form a flow path. 
However, for practical reasons, a nipple seating 
profile 30 or other closure device will preferably be 
provided in short string 26. It should be clearly 
understood that the term "tubing" as used herein 
may refer to drill pipe, completion tubing, produc- 
tion tubing or other similar tubular members suit- 
able for forming the flow paths described and illus- 



trated herein. Similarly, unless identified otherwise, 
connections between tubular or housing members 
will be by way of conventional "pin" and "box" 
threaded couplings. 

5 Long string assembly 24 includes a tubing 

string 25, also coupled to dual packer 28. Coupled 
to tubing string 25 beneath dual packer 28 in long 
string assembly 24 are two perforating assemblies, 
indicated generally at 30a and 30b. Each perforat- 

w ing assembly 30a, 30b is functionally identical. A 
seating profile 31 for a plug may also be included 
in long string assembly 24. The structure of per- 
forating assemblies 30a and 30b will preferably be 
essentially identical. However, as will be apparent 

75 to those skilled in the art, the length of the perforat- 
ing gun or guns, indicated generally at 32a, 32b, in 
each perforating assembly 30a, 30b may be varied 
to facilitate perforation of the desired interval. 

Beneath perforating assemblies 30a and 30b in 

20 long string assembly 24 is a packer 34 which 
isolates upper zone 14 from the lower zone 16 of 
well 12. Packer 34 may be either carried into the 
hole as an integral portion of long string assembly 
24, or it may be set in the well, such as by 

25 wireline, and long string assembly 24 stabbed into 
it. Beneath packer 34 is a conventional perforating 
assembly 35 including a perforated nipple 36, a 
firing head 38 and a perforating gun 40. Perforated 
nipple 36 can be one of many conventional appara- 

30 tus adapted to provide a fluid path from lower 
annulus 37 into long string assembly 24. As will be 
discussed in more detail later herein, firing head 38 
is preferably a hydraulically actuated firing head. 
However, firing head 38 may also be a mechani- 

35 cally actuated firing head. As can be seen in Figure 
1, tubing string 25 extends from the surface, 
through both perforating assemblies, to perforating 
assembly 35. 

Referring now also to Figures 2A-B, therein are 

40 depicted portions of perforating assemblies 30 in 
greater detail and partially in vertical section. Each 
perforating assembly 30 extends from an upper 
branching block, or Y-block, 42 to a lower branch- 
ing block assembly, or Y-assembly, 56. Y-block 42 

45 and Y-assembly 56 facilitate the establishing of two 
coextensive strings. A primary string includes one 
or more lengths of tubing 44 which form a portion 
of tubing string 25. Tubing string 25 and Y-block 42 
and Y-assembly 56 cooperatively define a flow 

50 path 46 throughout long string assembly 24. A 
secondary string includes equipment to perforate 
the well and components to facilitate assembly of 
perforating assembly 30. Coupled to Y-block 42 in 
the secondary string is an adapter sub 48 and a 

55 swivel 50. Swivel 50 is included to facilitate assem- 
bly of perforating assembly 30 and may be of a 
conventional type. Preferably, swivel 50 will be a 
telescoping swivel. Adapter sub 48 is included to 
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allow the adjustment of the length of the secondary 
string to facilitate assembly of perforating assembly 
30 Located beneath swivel 50 is firing head sub 51 
which includes a firing head assembly 52. Firing 
head sub 51 is then coupled to perforating gun 32. 
At the lower extreme of perforating gun 32 is Y- 
assembly 56. Y-assembly 56 also includes a firing 
head assembly, indicated generally at 58. Y-as- 
sembly 56 contains passages 66 which form a fluid 
path between path 46 and firing head assembly 58. 
Similarly, Y-block 42 includes a fluid path 43 which 
allows communication from flow path 46, through 
adapter sub 48 and swivel 50, to firing head as- 
sembly 52. 

Firing head assembly 52 is depicted in Figure 
2A, while firing head assembly 58 in Y-assembly 
56 is depicted in Figure 2B, as well as in Figures 
3A-B and 4. Firing head sub 51 and Y-assembly 56 
each preferably include housing assemblies, for 
firing head assemblies 52 and 58, respectively. 
These housing assemblies include corresponding 
components, including swivel portions. Additionally, 
the operating mechanisms of firing head assembly 
52 and firing head assembly 58 are preferably 
identical. Accordingly, only the housing and 
mechanism of firing head assembly 58 will be 
discussed herein in detail. Corresponding compo- 
nents in firing head sub 51 and firing head assem- 
bly 52 have been identified with identical numerals. 
Because both firing head assembly 52 and firing 
head assembly 58 are in fluid communication with 
flow path 46 in long string assembly 24, firing head 
assembly 52 and firing head assembly 58 will be 
responsive, essentially simultaneously, to fluid 
pressure in flow path 46. 

Referring now primarily to Figure 2B, therein is 
depicted an exemplary Y-assembly 56 in accor- 
dance with the present invention, illustrated par- 
tially in vertical section. Y-assembly 56 includes a 
Y-housing 62 and a firing head housing assembly, 
indicated generally at 63. Y-housing 62 includes 
conduit 64 which forms a portion of flow path 46, 
one or more conduits 66a, 66b, and piston cham- 
ber 68. Conduits 66a, 66b provide fluid commu- 
nication between flow path 46 and piston chamber 
68. 

Firing head housing assembly 63, together with 
piston chamber 68, and their associated compo- 
nents form firing head assembly 58. Firing head 
housing assembly 63 includes a ported housing 70 
which is coupled to a swivel, indicated generally at 
72. Swivel 72 includes a swivel sub mandrel 74 
rotatably coupled to ported sub 70 by swivel re- 
tainer 76. Swivel sub mandrel 74 couples to hous- 
ing 78 which is coupled to sub 80 attached to 
perforating gun 32. Swivel 72 allows housing 78 
and components connected thereto to rotate rela- 
tive to ported sub 70 to facilitate makeup of per- 



forating assembly 30. Ports 71 in ported sub 70 
facilitate fluid communication between the well an- 
nulus surrounding housing assembly 63 and the 
interior of housing assembly 63. Firing head hous- 

5 ing assembly 63\ of firing head sub 51, differs 
from firing head housing assembly 63 in that firing 
head housing assembly 63' includes a sub 73 in 
place of Y-block 62. 

In this preferred embodiment, firing head as- 

10 sembly 58 is responsive both to tubing string fluid 
pressure, in flow path 46, and to annulus pressure. 
Tubing pressure is utilized to unlock the firing 
mechanism to allow the firing pin to move to strike 
the initiator charge. However, annulus pressure is 

75 utilized to cause the firing pin to actually strike the 
initiator to cause detonation of the perforating gun. 

Firing head assembly 58 includes a detonation 
mechanism, indicated generally at 82, responsive 
to an actuation mechanism, indicated generally at 

20 84. Referring now also to Figures 3A-B, therein is 
depicted detonation mechanism 82 and actuation 
mechanism 84 in greater detail, and partially in 
vertical section. Detonation mechanism 82 includes 
a striking piston 86 retained within a bore 87 in 

25 housing 88. Striking piston 86 is longitudinally mov- 
able relative to housing 88 but is initially secured in 
a first position by a shear pin 90. Striking piston 86 
includes a first end 92 adapted to receive an im- 
pact to shear shear pin 90 and cause longitudinal 

30 movement of striking piston 86 relative to housing 
88. Striking piston 86 is retained within housing 88 
at all times by the cooperation of a notch 94 in 
striking piston 86 and a pin 96 which cooperatively 
engages notch 94 and a recessed aperture 98 in 

35 housing 88. 

Referring now also to Figures 5 and 6, therein 
are depicted portions of detonation mechanism 82 
in greater detail. A second end of striking piston 
86, indicated generally at 108, includes a first por- 

40 tion 110 of reduced diameter. Second end 108 of 
striking piston 86 also includes a second portion 
112 of enlarged diameter relative to first portion 
110 of striking piston 86. Second portion 112 of 
striking piston 86 and end portion 115 of housing 

45 88 extend into a recess 113 in firing piston 114. 
Firing piston 114 is secured in fixed position rela- 
tive to housing 88 by a plurality of collets 116 
which cooperatively engage apertures 118 in hous- 
ing 88 and recesses 120 in recess 113 of firing 

50 piston 114. Collets 116 are held in position by 
second portion 112 of striking piston 84. Second 
end 121 of firing piston 114 sealingly engages bore 
120 in detonation extension 122, which is coupled 
to housing 88. A firing pin 123 is secured to 

55 second end 121 of firing piston 114. Detonation 
extension 122 includes ports 125 to assure fluid 
communication between annulus pressure and fir- 
ing piston 114. 
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Firing pin 123 is designed to detonate an in- 
itiator charge 126 which is sealingly retained within 
an enlarged bore 124 in detonation extension 122. 
The sealing engagement of second end 121 of 
firing piston 114 with bore 121 and of initiator 126 
with bore 124 forms a sealed chamber 128 which 
will be at atmospheric pressure. Accordingly, sec- 
ond end 121 of striking piston 114 is a fluid re- 
sponsive piston within bore 120, which is respon- 
sive to annulus pressure inside housing assembly 
63. Striking piston 86 will be retained by a shear 
pin 90 which will be selected to shear at a desired 
actuating pressure as created by actuation mecha- 
nism 84. 

Coupled to end 130 of detonation extension 
122 is a housing extension, indicated generally at 
132. Housing extension 132 defines a central ap- 
erture 134 which will cooperatively provide a 
mechanism for communicating the ignition of in- 
itiator 126 to perforating gun 32. Preferably, ap- 
erture 134 will house a length of an explosive 
carrier, such as primacord, 136 fitted with a booster 
charge 138a, 138b at each of its ends. Housing 
extension 132 will preferably couple to an internal 
portion of sub 80 which couples, in turn, to per- 
forating gun 32. Booster charge 138b will be 
housed in sub 80 proximate the coupling with per- 
forating gun 32. Housing 78 couples, at an external 
portion, to sub 80. 

Longitudinal movement of striking piston 86 is 
caused by actuation mechanism 84. Actuation 
mechanism 84 includes an actuator piston 140 
housed within piston chamber 68 of Y-housing 62. 
Actuator piston 140 is sealingly received in bore 
142 of piston chamber 68, and is retained in bore 
142 by a piston retaining ring 144. Piston retaining 
ring 144 is secured by shear pins 146 to an adjust- 
able shear pin seat 148. Adjustable shear pin seat 
148 is threadedly coupled, at 150, to Y-housing 62. 
As can be seen in Figure 3B, actuator piston 140 is 
held against seating shoulder 152 by piston retain- 
ing ring 144. Threaded adjustment 150 on shear 
pin seat 148 facilitates the adjustment of the lon- 
gitudinal placement of piston retaining ring 144 to 
assure that actuator piston 140 is securely seated 
against shoulder 152. This secure seating of ac- 
tuator piston 140 will assure that pressure fluc- 
tuation in flow path 46 will not cause unwanted 
movement of actuator piston 140 which could lead 
to premature shearing of shear pins 146. 

Retained within a longitudinal bore 154 in ac- 
tuator piston 140 is a telescoping firing rod 156. 
Firing rod 156 is held in a first longitudinal position 
relative to actuator piston 140 by a shear pin 158. 
A lock ring 160 is secured in concentric relation to 
the path of actuator piston 140 by a lock ring 
retaining member 162. Actuator piston 140 includes 
a peripheral groove 164. Lock ring 160 is prefer- 



ably a split ring type retaining ring adapted to 
engage peripheral groove 164 when actuator piston 
140 is moved from its resting position to a second, 
actuated, position, and to thereby secure actuator 

5 piston 140 in such second position. 

Referring now also to Figure 4, therein is 
shown actuating mechanism 84 in the second, ac- 
tuated, position. In operation, firing head assembly 
58 operates as follows. Once pressure in flow path 

w 46, and thereby in piston chamber 68 reaches a 
threshold level, as determined by shear pins 146, 
actuator piston 140 will shear shear pins 146, and 
will travel longitudinally toward detonating mecha- 
nism 82. Telescoping firing rod 156 will contact 

w striking piston 86 and move it longitudinally. As 
striking piston 86, is moved, recessed portion 110 
of striking piston 86 is brought into coextensive 
relation with collets 116. The reduced diameter of 
section 110 allows collets 116 to fall out of engage- 

20 ment with recesses 120 in firing piston 114. An- 
nulus fluid pressure in housing 63, acts, through 
ports 125, on firing piston 114, driving it longitudi- 
nally with sufficient impact to cause firing pin 123 
to ignite initiator 126. In a preferred embodiment, 

25 1000 psi (6.89MPa) annulus pressure is sufficient 
to drive firing piston 114. Those skilled in the art 
will recognize that firing head assembly 58 may 
therefore be actuated by much lower annulus pres- 
sure than is required by conventional annulus pres- 

30 sure firing heads. Additionally striking piston 86 
does not have to be shear pinned at a level above 
anticipated annulus hydrostatic pressure, which 
may be difficult to anticipate with precision. 

Initiator 126 will ignite and communicate its 

35 ignition through booster charge 138a, primacord 
136 and booster charge 138b to detonate a similar 
booster charge (not illustrated) in perforating gun 
32. Accordingly, the mechanical actuation of strik- 
ing piston 86 releases firing piston 114 and allows 

40 the well annulus pressure to drive firing piston 114 
with a substantial force to assure sufficient impact 
for ignition of initiator 126. 

When striking piston 86 provides an estab- 
lished resistance to the movement of firing rod 156, 

45 as determined by shear pin 158, shear pin 158 will 
shear, and telescoping firing rod 156 will move 
longitudinally into bore 154. When actuator piston 
140 approaches the end of its range of travel, lock 
ring 160 will engage recess 164 in actuator piston 

50 140 and lock it in position. Thus, telescoping firing 
rod 156 will be retained within bore 154, but with- 
out any solid connection by which it could apply 
additional force to striking piston 86. Telescoping 
firing rod 156 also serves as a lost motion device 

55 to avoid excessive shock to detonation mechanism 
82. Similarly, actuator piston 140 will be locked in a 
fixed position within bore 142. Accordingly, subse- 
quent changes in the pressure differential between 
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the borehole annulus and in flow path 46 will not 
cause movement of actuator piston 140, and there- 
fore wear of seals 1 62 between actuator piston 1 40 
and bore 142. Accordingly, a secure seal will be 
maintained between the interior of housing assem- 
bly 63 and flow path 46. 

Referring now to Figures 7A-B, therein is de- 
picted an alternative embodiment of a firing head 
assembly, in particular a time delay firing assem- 
bly, indicated generally at 180, suitable for use with 
the present invention. Time delay firing assembly 
180 is responsive to the same actuation mecha- 
nism 84 as used with firing head assemblies 52 
and 58. Additionally, time delay firing assembly 

180 utilizes a detonation mechanism, indicated 
generally at 182, which is substantially identical to 
that used in firing assemblies 52 and 58. Accord- 
ingly, corresponding components have been num- 
bered identically. As will be apparent from the 
discussion to follow, in the time delay firing assem- 
bly firing pin 114 will impact a primer assembly 
192 rather than an initiator. Time delay firing as- 
sembly 180 is contained within a housing assembly 

181 which is preferably similar to housing assem- 
bly 63 of firing head assembly 58. As is apparent 
from the Figures, housing assembly 181 differs 
from housing assembly 63 only slightly to accom- 
modate different internal components and to facili- 
tate assembly. 

In time delay firing assembly 180, second end 

182 of housing 88 is preferably threadably coupled 
to a detonation block 184. Detonation block 184 is 
sealingly received within a sleeve 186. Similarly, 
sleeve 186 is sealingly received within a bore 188 
in lower housing 190. 

Located at the end of detonation block 1 84 is a 
primer assembly 192. Primer assembly 192 is a 
conventional ignition charge adapted to ignite upon 
impact by firing pin 123. Primer assembly 192 is 
secured to detonation block 184 by a primer block 
194 which is preferably boltably secured to sleeve 
186. Primer block 194 includes a passage 196 
which allows the jet of hot gasses emitted by the 
ignition of primer assembly 192 to enter a chamber 
198 in housing 190. Secured within chamber 198 is 
a delay element assembly 200. Delay element as- 
sembly 200 is preferably threadably secured at 202 
to a receiving block 204 which is sealingly received 
within a bore 206 in housing 190. Chamber 198 
and the portion of bore 208 in detonation block 184 
beyond firing piston 114 will be at atmospheric 
pressure. 

Delay element assembly 200 is a pyrotechnic 
device which, upon ignition of an internal initiator 
will burn for a period of time until detonating an 
explosive charge to detonate a booster charge to 
detonate the perforating gun. In a presently pre- 
ferred embodiment, delay element assembly 200 



will burn for approximately seven minutes after 
initial ignition. However, other delay times clearly 
may be utilized. The structure of a delay element 
assembly suitable for use with the present inven- 

5 tion is described in U.S. Patent No. 4,632,034 
issued December 30, 1986 to Colle, Jr. The speci- 
fication of U.S. Patent No. 4,632,034 is incorpo- 
rated herein by reference. 

Coupled to lower end of housing 190 is a sub 

w 209 which includes a central bore 210. Sub 209 is 
coupled to perforating gun 32. Contained within 
bore 210 is a length of primacord 212 which ex- 
tends through perforating gun 32 (not illustrated) 
and includes a booster charge 214 at first end. 

w Booster charge 214 and primacord 212 facilitate 
detonation of the perforating gun in a conventional 
manner. 

Time delay firing assembly 180 operates simi- 
larly to firing head assembly 58. Once firing piston 

20 114 is released, firing pin 123 will impact primer 
assembly 192. The jet of gasses and hot particles 
expelled through aperture 196 by the ignition of 
primer 192 ignites an ignitable pellet in delay ele- 
ment assembly 200, initiating the time delay burn. 

25 When the burn has completed its traversal of time 
delay assembly 200 an explosive pellet in delay 
element assembly 200 will detonate, causing deto- 
nation of booster 214 and primacord 212 to deto- 
nate perforating gun 32 in a conventional manner. 

30 Completion of a well through use of completion 

equipment assembly 10 may be accomplished as 
follows. Packer 34 may be placed in the well at a 
desired location between upper zone 14 and lower 
zone 16. Packer 34 may be set in any desired 

35 manner, such as on wireline or on drill pipe, or may 
be run in the well 12 as a component of long string 
assembly 24. If packer 34 is set independently, 
long string assembly 24 is then run into the well, 
perforating assembly 35 is stabbed through packer 

40 34, and the string is positioned on depth. If desired, 
a radioactive marker may be included within long 
string assembly 24 and long string assembly may 
be positioned on depth in reference to such mark- 
er. Once the string is positioned on depth, dual 

45 packer 28 will be set. Short string 26 may then be 
appropriately coupled to dual packer 28, such as 
by stabbing into packer 28 with an appropriate seal 
assembly. 

Where dual packer 28 is a hydraulically set 
50 packer, the packer will preferably be set in re- 
sponse to pressure within short string assembly 26. 
In such case, the packer may be tested by insert- 
ing a plug 33 into profile 30 to close the short 
string bore through dual packer 28 and by applying 
55 pressure in short string 26. Subsequently, the plug 
33 may be removed, and pressure may again be 
applied down short string 26 to test the packer. As 
another alternative, where dual packer 28 is to be 
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set in response to pressure in long string assembly 
24, it may be desirable to include a profile 31 
engagable with a plug in long string assembly 24 
such that pressure in long string 24 may be re- 
stricted to tubing situated above perforating assem- 
blies 30a and 30b during the packer setting opera- 
tion. 

Because upper zone 14 will be produced 
through short string 24, underbalance, or overbal- 
ance, on upper zone 14 may be established by a 
desired fluid column in short string 26. The desired 
under or overbalance may be established by con- 
ventional techniques such as locating the desired 
fluid column in short string 26 as it is placed in the 
well, or by swabbing, etc. The only pressure re- 
quirement for operating perforating assemblies 30a 
and 30b is that there be a threshold hydrostatic 
pressure at the depth of upper perforating assem- 
bly 30 which is sufficient to actuate the piston of 
the firing assembly utilized once the piston has 
been released in response to pressure in long 
string 24. 

When it is desired to perforate upper zone 14, 
a first pressure may be established in long string 
assembly 24. This first pressure will be the thresh- 
old pressure necessary to shear shear pins 106 in 
the firing head subs 51 and firing head assemblies 
58 in each perforating assembly 30a and 30b. As 
described with respect to the firing head assem- 
blies, when the threshold pressure is achieved, the 
striking piston of each firing head assembly will 
move allowing the annulus hydrostatic pressure to 
drive the annulus pressure responsive piston, caus- 
ing detonation of the initiator charge, and con- 
sequently, detonation of the perforating guns. 

When the perforating guns detonate and the 
formation and casing are perforated, the flow of the 
formations will be determined by the pressure es- 
tablished in short string 26. Accordingly, there is no 
need to bleed off pressure from long string 24 or to 
perform any mechanical manipulations to allow up- 
per zone 14 to flow or produce freely. 

In a particularly preferred embodiment, lower 
zone 16 will be perforated subsequent to upper 
zone 14. When it is desired to perforate lower zone 
16, a second, greater, pressure may be established 
in long string 24 which will actuate a hydraulic 
firing head 38 in perforating assembly 35 to deto- 
nate perforating gun 40. Lower zone 16 may then 
be flowed or produced independently of upper 
zone 14 through long string 24. 

Many modifications and variations may be 
made in the techniques and structures described 
and illustrated herein without departing from the 
present invention. For example, the firing head 
assemblies in each perforating assembly may be 
adapted to detonate at different pressures in long 
string 24. In such an embodiment, the perforating 



assemblies may be selectively activated to perfo- 
rate formations in the zone. Accordingly, it should 
be clearly understood that the embodiments de- 
scribed and illustrated herein are exemplary only 
5 and are not to be considered as limitations on the 
scope of the present invention. 

Claims 

w 1. An apparatus for perforating a well, comprising: 
a packer (28); a first tool string (24) extending 
through said packer and including at least one 
perforating assembly (30a), said perforating as- 
sembly comprising, a tubing string (25), a per- 

w forating gun (32,32a), a first firing head assem- 

bly (52) actuatable by fluid pressure in said 
tubing string, characterised in that it further 
comprises a second firing head assembly (58) 
actuatable by fluid pressure in said tubing 

20 string, said perforating gun (32;32a) operatively 

coupled proximate one end to said first firing 
head and operatively coupled proximate a sec- 
ond end to said second firing head; and a 
second tool string (26) providing a passageway 

25 for the flow of fluid from a location beneath 

said packer to the surface. 

2. Apparatus according to claim 1, wherein said 
first tool string further comprises: a second 

30 packer (34), said second packer being located 

beneath said perforating assembly; a second 
perforating gun (40) coupled beneath said sec- 
ond packer; means (38) operatively coupled to 
said second perforating gun for activating said 

35 second perforating gun; and a ported member 

(36) coupled in said tool string to provide a 
flow path from beneath said second packer 
into said first tool string. 

40 3. Apparatus according to claim 1 or 2, wherein 
said first tool string further comprises a second 
perforating assembly (30b), said second per- 
forating assembly comprising: a third firing 
head assembly actuatable by fluid pressure in 

45 said tubing string; a fourth firing head assem- 

bly actuatable by fluid pressure in said tubing 
string; and a second perforating gun (32b) op- 
eratively coupled proximate one end to said 
third firing head assembly and operatively 

50 coupled to proximate said second end to said 

fourth firing head assembly. 

4. Apparatus according to any preceding claim, 
including at least one firing head (52,58) com- 
55 prising: a housing (62,63) including first (68) 

and second chambers, said first chamber (68) 
in fluid communication with a said tubing string 
(46) and said second chamber in fluid commu- 
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nication with the well annulus surrounding said 
firing head; an actuator piston (140) movably 
responsive to fluid pressure in said first cham- 
ber housing; and a detonation assembly (82) 
comprising, a firing piston (114), a locking as- 
sembly (116) for retaining said firing piston in a 
first position, said locking assembly being re- 
leasable by movement of said actuating piston, 
means for causing movement of said striking 
piston in response to pressure in said second 
chamber of said housing after said locking 
assembly is released. 

5. Apparatus according to claim 4, wherein said 
means for causing movement of said striking 
piston in response to pressure in said second 
chamber comprises a third chamber (128) on 
one side of a portion of said striking piston, 
said third chamber being at substantially at- 
mospheric pressure. 

6. A method of perforating a well (12) and a 
formation (18,20) surrounding said well, com- 
prising the steps of providing in said well a first 
tool string comprising a tubing string (24), a 
first packer (28), a perforating gun (32) a first 
firing head (52) responsive to fluid pressure in 
said tubing string, characterised in that a sec- 
ond firing head (58) is responsive to fluid pres- 
sure in said tubing string, and said perforating 
gun (32) is operatively coupled proximate one 
end to said first firing head and operatively 
coupled proximate a second end to said sec- 
ond firing head; and in the further steps of 
providing a second tool string (26) in said well 
said second tool string providing a flow path 
from beneath said first packer to the surface; 
establishing a pressure in said well adjacent 
said zone to be perforated through use of said 
second tool string; and causing said first and 
second firing heads to be actuated by estab- 
lishing a fluid pressure in said first tool string. 

7. A method according to claim 6, wherein said 
first tool string further comprises a second 
packer (34) located beneath said first zone to 
be perforated; a perforating gun (40) coupled 
beneath said second packer; a firing head (38) 
operatively coupled to said perforating gun; 
and a ported member (36) to establish a flow 
path from beneath said second packer into 
said first tool string. 

8. A method according to claim 6, and 7, wherein 
said first tool string further comprises a third 
firing head responsive to fluid pressure in said 
tubing string; a fourth firing head responsive to 
fluid pressure in said tubing string; and a sec- 



ond perforating gun (32b) operatively coupled 
proximate one end of said third firing head and 
operatively coupled proximate a second end to 
said second firing head. 

5 

Patentanspruche 

1. Vorrichtung zum Perforieren einer Bohrung, 
enthaltend einen Packer (28); einen ersten 

10 Werkzeugstrang (24), der durch den Packer 

verlauft und wenigstens eine Perforieranord- 
nung (30a) enthalt, die einen Rohrstrang (25), 
eine Perforierkanone (32, 32a) und eine erste 
Zundkopfanordnung (52) aufweist, die durch 

75 Fluiddruck in dem Rohrstrang betatigbar ist, 

dadurch gekennzeichnet, daB die Vorrichtung 
ferner eine zweite Zundkopfanordnung (58) 
aufweist, die durch Fluiddruck in dem Rohr- 
strang betatigbar ist, daB die Perforierkanone 

20 (32, 32a) an einem Ende mit dem ersten Zund- 

kopf und an einem zweiten Ende mit dem 
zweiten Zundkopf wirkgekoppelt ist, und daB 
ein zweiter Werkzeugstrang (26) vorgesehen 
ist, der einen Durchgangskanal fur den Fluid- 

25 fluB von einer Stelle unterhalb des Packers zur 

Oberflache bildet. 

2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB der erste Werkzeugstrang weiter- 

30 hin aufweist: einen zweiten Packer (34), der 

sich unter der Perforieranordnung befindet; 
eine zweite Perforierkanone (40), die unter 
dem zweiten Packer angekoppelt ist; mit der 
zweiten Perforierkanone wirkgekoppelte Mittel 

35 (38) zur Auslosung der zweiten Perforierkano- 

ne; und ein in den Werkzeugstrang eingekop- 
peltes, mit Offnungen versehenes Glied (36) 
zur Bereitstellung eines Stromungsweges von 
unterhalb des zweiten Packers in den ersten 

40 Werkzeugstrang. 

3. Vorrichtung nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB der erste Werkzeugstrang 
ferner eine zweite Perforieranordnung (30b) 

45 enthalt, die aufweist: eine dritte Zundkopfan- 

ordnung, die durch Fluiddruck in dem Rohr- 
strang betatigbar ist; eine vierte Zundkopfan- 
ordnung, die durch Fluiddruck in dem Rohr- 
strang betatigbar ist; und eine zweite Perfo- 

50 rierkanone (32b), die an einem Ende mit der 

dritten Zundkopfanordnung und an dem zwei- 
ten Ende mit der vierten Zundkopfanordnung 
wirkgekoppelt ist. 

55 4. Vorrichtung nach einem der vorstehenden An- 
spruche, gekennzeichnet durch wenigstens ei- 
nen Zundkopf (52, 58), der aufweist: ein Ge- 
hause (62, 63) mit ersten (68) und zweiten 
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Kammern, deren erste Kammer (68) mit einem 
besagten Rohrstrang (46) und deren zweite 
Kammer mit dem den Zundkopf umgebenden 
Bohrungsringraum in Fluidverbindung steht; 
ein unter Ansprechen auf Fiuiddruck im ersten 5 
Kammergehause beweglicher Betatigungskol- 
ben (140); und eine Ausloseanordnung (82), 
die aufweist, einen Zundkolben (114), eine Ver- 
riegelungsanordnung (116) zur Halterung des 
Zundkolbens in einer ersten Stellung, welche w 
Verriegelungsanordnung durch die Bewegung 
des Betatigungskolbens losbar ist, Mittel zur 
Auslosung der Bewegung des Schlagkolbens 
unter Ansprechen auf Druck in der zweiten 
Kammer des Gehauses nach Losen der Ver- w 
riegelungsanordnung. 

5. Vorrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die Mittel zur Auslosung der 
Bewegung des Schlagkolbens unter Anspre- 20 
chen auf Druck in der zweiten Kammer eine 
dritte Kammer (128) auf einer Seite eines Teils 

des Schlagkolbens aufweisen und daB die drit- 
te Kammer im wesentlichen unter Atmospha- 
rendruck steht. 25 

6. Verfahren zum Perforieren einer Bohrung (12) 
und einer die Bohrung umgebenden Formation 
(18, 20), enthaltend die Schritte: Bereitstellen 
eines ersten Werkzeugstranges (24), eines er- 30 
sten Packers (28), einer Perforierkanone (32) 

und eines ersten Zundkopfes (52), der auf 
Fiuiddruck in dem Rohrstrang anspricht, in der 
Bohrung, 

dadurch gekennzeichnet, daB ein zweiter 35 
Zundkopf (58) auf Fiuiddruck in dem Rohr- 
strang anspricht und die Perforierkanone (32) 
an einem Ende mit dem ersten Zundkopf und 
an einem zweiten Ende mit dem zweiten Zund- 
kopf wirkgekoppelt wird, und daB in weiteren 40 
Schritten in der Bohrung ein zweiter Werk- 
zeugstrang (26) bereitgestellt wird, der einen 
Stromungsweg von unterhalb des ersten Pak- 
kers zur Oberflache bildet, in der Bohrung an 
der zu perforierenden Zone unter Verwendung 45 
des zweiten Werkzeugstranges ein Druck ein- 
gestellt wird, und die Betatigung der ersten 
und zweiten Zundkopfe dadurch ausgelost 
wird, daB in dem ersten Werkzeugstrang ein 
Fiuiddruck eingestellt wird. 50 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB der erste Werkzeugstrang einen 
zweiten Packer (34) aufweist, der sich unter 

der ersten zu perforierenden Zone befindet; 55 
eine unter dem zweiten Packer angekoppelte 
Perforierkanone (40); einen mit der Perforierk- 
anone wirkgekoppelten Zundkopf (38); und ein 



mit Offnungen versehenes Glied (36) zur Her- 
stellung eines Stromungsweges von unterhalb 
des zweiten Packers in den ersten Werkzeug- 
strang. 

8. Verfahren nach Anspruch 6 und 7, dadurch 
gekennzeichnet, daB der erste Werkzeugstrang 
ferner einen dritten Zundkopf aufweist, der auf 
Fiuiddruck in dem Rohrstrang anspricht; einen 
vierten Zundkopf, der auf Fiuiddruck in dem 
Rohrstrang anspricht; und eine zweite Perfo- 
rierkanone (32b), die an einem Ende mit dem 
dritten Zundkopf und an einem zweiten Ende 
mit dem zweiten Zundkopf wirkgekoppelt ist. 

Revendications 

1. Dispositif de perforation d'un puits, comportant 
: un packer (28); un premier train d'outil (24) 
s'etendant a travers ledit packer et comportant 
au moins un ensemble (30a) de perforation, 
ledit ensemble de perforation comportant un 
train de tubes (25), un canon perforateur (32; 
32a), un premier ensemble (52) formant tete 
de mise a feu pouvant etre actionne par une 
pression de fluide situee dans ledit train de 
tubes, caracterise en ce qu'il comporte en 
outre un second ensemble (58) formant tete de 
mise a feu pouvant etre actionne par une pres- 
sion de fluide situee dans ledit train de tubes, 
ledit canon perforateur (32; 32a) relie de ma- 
niere active a proximite d'une extremite a ladi- 
te premiere tete de mise a feu et relie de 
maniere active a proximite d'une seconde ex- 
tremite a ladite seconde tete de mise a feu; et 
un second train d'outil (26) fournissant un pas- 
sage pour I'ecoulement de fluide a partir d'un 
emplacement situe au-dessous dudit packer 
jusqu'a la surface. 

2. Dispositif selon la revendication 1 , dans lequel 
ledit premier train d'outil comporte en outre : 
un second packer (34), ledit second packer 
etant situe au-dessous dudit ensemble perfora- 
teur; un second canon perforateur (40) relie au- 
dessous dudit second packer; des moyens 
(38) relies de maniere active audit second ca- 
non perforateur pour mettre en oeuvre ledit 
second canon perforateur; et un element (36) a 
orifices couple dans ledit train d'outil pour four- 
nir un trajet d'ecoulement depuis le dessous 
dudit second packer jusque dans le dit premier 
train d'outil. 

3. Dispositif selon la revendication 1 ou 2, dans 
lequel ledit premier train d'outil comporte en 
outre un second ensemble (30b) perforateur, 
ledit second ensemble perforateur comportant 
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: un troisieme ensemble formant tete de mise 
a feu pouvant etre actionne par une pression 
de fluide dans ledit train de tubes un quatrie- 
me ensemble formant tete de mise a feu pou- 
vant etre actionne par une pression de fluide 5 
dans le dit train de tubes, et un second canon 
perforateur (32b) relie de maniere active a 
proximite d'une extremite audit troisieme en- 
semble formant tete de mise a feu et relie de 
maniere active a proximite de ladite seconde 10 
extremite audit quatrieme ensemble formant 
tete de mise a feu. 

4. Dispositif selon Tune quelconque des revendi- 
cations precedentes, comportant au-moins une w 
tete de mise a feu (52, 58) comportant : un 
bottier (62, 63) comportant une premiere (68) 

et une seconde chambres, ladite premiere 
chambre (68) etant en communication de fluide 
avec un train de tubes (46) et ladite seconde 20 
chambre etant en communication de fluide 
avec I'annulaire du puits entourant ladite tete 
de mise a feu; un piston actionneur (140) pou- 
vant se deplacer en reponse a une pression de 
fluide dans ledit boTtier formant premiere 25 
chambre; et un ensemble formant detonateur 
(82) comportant un piston de mise a feu (114), 
un ensemble de blocage (116) destine a rete- 
nir le piston de mise a feu dans une premiere 
position, ledit ensemble de blocage pouvant 30 
etre libere par deplacement dudit piston ac- 
tionneur, des moyens pour provoquer le depla- 
cement dudit piston formant percuteur en re- 
ponse a une pression dans ladite seconde 
chambre dudit boTtier apres que ledit ensem- 35 
ble de blocage ait ete libere. 

5. Appareil selon la revendication 4, dans lequel 
lesdits moyens pour provoquer le deplacement 
dudit piston formant percuteur en reponse a 40 
une pression dans ladite seconde chambre 
comporte une troisieme chambre (128) situee 

sur un cote d'une partie dudit piston formant 
percuteur, ladite troisieme chambre etant a 
peu pres a la pression atmospherique. 45 

6. Procede de perforation d'un puits (12) et d'une 
formation (18,20) entourant ledit puits, compor- 
tant les etapes consistant a fournir dans ledit 
puits un premier train d'outil comportant un 50 
train de tubes (24), un premier packer (28), un 
canon perforateur (32), une premiere tete (52) 

de mise a feu sensible a une pression de 
fluide dans ledit train de tubes, caracterise en 
ce qu'une seconde tete (58) de mise a feu est 55 
sensible a une pression de fluide dans ledit 
train de tubes, et ledit canon perforateur (32) 
est relie de maniere active a proximite d'une 



extremite a ladite premiere tete de mise a feu 
et relie de maniere active a proximite d'une 
seconde extremite a ladite seconde tete de 
mise a feu, et en ce qu'il comporte en outre 
les etapes consistant a fournir un second train 
d'outil (26) dans ledit puits, ledit second train 
d'outil fournissant un trajet d'ecoulement a par- 
tir du dessous dudit premier packer jusqu'a la 
surface, a etablir une pression dans ledit puits 
au voisinage de ladite zone a perforer par 
utilisation dudit second train d'outil, et provo- 
quer I'actionnement desdites premiere et se- 
conde tetes de mise a feu en etablissant une 
pression de fluide dans ledit premier train 
d'outil. 

7. Procede selon la revendication 6, dans lequel 
ledit premier train d'outil comporte en outre un 
second packer (34) situe au-dessous de ladite 
premiere zone a perforer; un canon perforateur 
(40) relie au-dessous dudit second packer; une 
tete (38) de mise a feu reliee de maniere 
active audit canon perforateur; et un element 
(36) a orifices pour etablir un trajet d'ecoule- 
ment a partir du dessous dudit second packer 
jusque dans le dit premier train d'outil. 

8. Procede selon la revendication 6 et 7, dans 
lequel ledit premier train d'outil comporte en 
outre une troisieme tete de mise a feu sensible 
a une pression de fluide dans ledit train de 
tubes; une quatrieme tete de mise a feu sensi- 
ble a une pression de fluide dans ledit train de 
tubes; et un second canon perforateur (32b) 
relie de maniere active a proximite d'une pre- 
miere extremite de ladite troisieme tete de 
mise a feu et relie de maniere active a proxi- 
mite d'une seconde extremite a ladite seconde 
tete de mise a feu. 
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